Six percent corn oil was added to the diet of a different group of commercial laying hens at biweekly intervals from 24 to 34 wk of age. A 2 × 7 factorial arrangement of treatments was used, which involved two houses with cold and warm temperatures and seven dietary treatments. The data were collected from each treatment for the entire experiment. The interaction of house × treatment was not significant; therefore, the data for the two houses were combined, and main effects are presented. The number of eggs weighing greater than 54.3 g increased significantly each time the corn oil was added to the diet. Egg weight was increased after corn oil had been added to the diet for 2 wk. Adding corn oil to the diet increased daily energy intake and body weight but did not affect egg production. The highest percentage of large and above eggs for the entire experiment was produced when corn oil was added at 26 wk of age.
DESCRIPTION OF PROBLEM
Considerable research has been conducted during the past 40 yr in an effort to increase egg weight (EW) from commercial layers. Grobas et al. [1] found that addition of fat to the diet increases EW, but the increase was not due to the increased linoleic intake. They also reviewed the literature that indicated other dietary factors influence EW.
Inclusion of corn oil in the diet has been given considerable attention as a possible means of increasing EW [1, 2, 3, 4, 5, 6] . In most of the experiments, a nonsignificant increase in EW was obtained. Recently, Harms et al. [7] reported a large increase in EW (2.6 g) when 5.963% corn oil was added to the diet from 36 to 44 wk of age. This addition increased the energy content of the diet by 10% and only reduced feed intake by 3%. Subsequently, the benefits were confirmed [8] by adding corn oil and increasing the energy content of the diet. They also found that EW increases each time the corn oil increases from 2 to 4% or from 4 to 6% of the diet. Corn oil was added at 26 wk of age, and the response remained throughout the 12-wk experiment.
In other experiments [9, 10] , the increased EW was less as hens aged. Harms et al. [9] reported that addition of 3% corn oil at 25 wk of age produced a greater EW increase from 26 to 33 wk than when corn oil was added at 20 wk. Sell et al. [10] added 3 or 6% animal-vegetable fat to the diet at 24 wk of age, but they found no effect on EW until 28 wk of age. An average increase of 1% in EW was found from 28 to 36 wk, but the increase had essentially disappeared by 38 wk. However, Bohnsack et al. [8] found an almost immediate increase in EW when corn oil was added at 26 wk, and the increase was maintained until the end of 12 wk. Therefore, the present experiment was conducted to determine the response from adding corn oil to the diet at various ages. Emphasis was placed on EW at 2 wk after adding the corn oil and the percentage of large and above eggs (54.3 g) that were produced for the entire experiment.
MATERIALS AND METHODS
A total of five hundred sixty Hy-Line W-36 [11] pullets were housed at 18 wk of age and given artificial light (16L:8D). Two hundred eighty were randomly assigned to 56 groups of five individually caged hens in two houses. At this time the temperature of one house was thermostatically controlled to maintain a minimum of 29.4 ± 1°C and is referred to as the warm house. The temperature in the other house was allowed to vary from 10 to 29.4°C as the outside temperature varied and is referred to as the cool house. The experiment was initiated when the hens were 24 wk of age and terminated when they were 36 wk of age.
A corn-soybean basal diet was fed from 18 to 24 wk of age (Table 1 , Diet 1). This diet was formulated to ensure that all nutrients were provided in sufficient quantities to exceed requirements of laying hens [12] . All nutrients were increased in the corn oil diet to compensate for expected feed intake. The experiment consisted of a 2 × 7 factorial arrangement of the treatments with two house temperatures (cool and warm) and seven dietary treatments. The birds of Treatment 1 were fed Diet 1 from 24 wk of age to the end of the experiment. The birds of Treatments 2 to 7 were fed Diet 2 from 24, 26, 28, 30, 32, and 34 wk until the end of the experiment. Birds of various treatments were fed Diet 1 prior to receiving Diet 2. A level of 6% corn oil was used to insure a maximum response. Eight replicates of five hens were fed each diet. Feed and water were offered ad libitum.
Egg weight was measured weekly on the last egg from each hen. Average EW per pen was calculated weekly and summarized for the entire experiment. Daily egg production (EP) was recorded by hen; however, pen averages were used. Feed consumption was measured biweekly, and analyzed for the entire experiment. Egg mass (EM) was calculated by multiplying EW by EP. Body weight of each hen was recorded during the first and last weeks of the experiment, and body weight gain was calculated. Eggs were classified as percentage of large and above [13] . At each age, egg weights from hens receiving the control diet (Diet 1) were compared to EW from hens after corn oil was added to the diet for 2 wk.
Production data were analyzed using a twoway analysis of variance [14] . There was no significant interaction of house × diet for any measurement except house × egg production. Therefore, the data for the two houses were combined for the discussion. Significant differences among means for age were determined by Duncan's multiple-range test [15] . The t-test was used to compare EW from hens fed the diet with added corn oil to EW from hens fed the control diet for each of the six ages that corn oil was added.
RESULTS AND DISCUSSION

EP
Egg production did not differ significantly for hens on the seven treatments. The interaction of house × diet (P = 0.0368) was due to the highest EP for hens in the cool house and the lowest EP for hens in the warm house when they received the control diet (Table 2) . Egg production was not significantly different for hens in the cool and warm environments.
EW
Significant differences in EW were found among the treatments (P = 0.0001; Table 2 ). Eggs from hens fed the diet containing 6% corn oil at 24 and 26 wk of age were significantly heavier than EW from hens receiving the diet with corn oil at 32 or 34 wk of age and hens that received the control diet. Also, eggs from hens receiving 6% corn oil in the diet at 28 wk of age were significantly heavier than eggs from hens receiving corn oil at 34 wk and the control diet. This finding agrees with research conducted by Harms et al. [9] who reported an increase in EW when 3% corn oil was added to the diet of 26-wk-old laying hens. However, this result does not agree with research reported by Sell et al. [10] who found no increase in yolk weight or EW when 3 or 6% animal-vegetable fat mixture was added to laying hens diets at 24 wk of age.
In the present experiment, there was a significant increase in EW with hens receiving diets with corn oil at 26, 28, 30, and 32 wk of age compared to hens receiving the control diet at these ages (Table 3) . It has been reported [16] that addition of linoleic acid to a diet containing 0.79% linoleic acid increases EW. However, no improvement in EW is obtained by addition of linoleic acid to a diet containing 1.03% linoleic acid [17] . The basal diet in the present experiment was calculated to contain 1.30% linoleic acid [12] . Therefore, it is postulated that the increase in EW was primarily due to the increased energy intake. Harms et al. [7] found that hens only reduced their feed intake 1.5% when the energy content of the diet was increased 10% by addition of corn oil to the diet. The hens in the present experiment did not reduce feed intake to compensate for the increased dietary energy level. Recently it was found [18] that hens fed a diet with 6% corn oil (10% increased energy) reduced feed intake more than expected when the corn oil was removed from the diet. The finding that hens did not adjust for a 10% increase or decrease of dietary energy level indicates that hens are not able to adjust feed intakes when large changes in dietary energy are made in the range of 2,783 to 3,089 kcal/kg. Egg weight was significantly heavier from hens in the cool house than EW from the hens in the warm house (58.7 vs. 52.3 g). The addition of corn oil to the diet of hens at 60 wk has been found to significantly increase EW [18] . However, this would not be desirable with most producers.
Egg weight was significantly increased after the corn oil had been added for two weeks ( Table  3 ). The average increase in EW when corn oil was added was 2.23 g in the cool house and 2.12 g in the warm house. The interaction of week × diet was not significant (P = 0.6213).
Egg Size Classification
The percentage of large and above eggs was significantly (P = 0.0003) increased when corn oil was added to the diet, except at 34 wk ( Table  2 ). The percentage of large and above eggs for the entire experiment decreased when corn oil was added to the diet as the hen aged. This result was due to the older hens receiving the diet with corn oil for a shorter period. A minimum weight of 54.3 g was used to classify an egg as being large. However, USDA allows 10% of the eggs to be less than 54.3 g as long as the average weight of the eggs is 56.7 g.
The findings in this experiment agree with a previous finding [8] that adding 6% corn oil to layer diets will increase the percentage of Means within a column without a common superscript differ significantly (P < 0.05).
x,y
Means within a column without a common superscript differ significantly (P < 0.05).
A Age at which corn oil was added to the diet. T = treatment. eggs in the large category. In addition, the data indicate that adding 6% corn oil to the diets of laying hens at younger ages produces the highest percentage of eggs in the large and extra-large categories. However, there was a nonsignificant increase in large and above eggs observed when the 6% corn oil diet was fed at any age. Hens in the cool house produced more large and extralarge eggs (84.0 vs. 76.8%) than hens in the warm house.
EM
Significant differences in EM were found among the different treatments (P = 0.0001; Table 2). The EM was greater from hens receiving 6% corn oil in the diet at 24, 26, 28, and 32 wk of age than EM from hens receiving the control diet. There were no significant differences in EM among hens receiving 6% corn oil in their diets, except for hens with corn oil added to their diets at 34 wk of age. Egg mass from hens receiving 6% corn oil in their diets at 30 and 34 wk of age did not differ significantly when compared to hens receiving the control diet. Hens in the cool house produced significantly greater EM (54.9 vs. 52.7 g) than hens in the warm house.
Feed Consumption
Significant differences in feed consumption (FC) were found among the different treatments (P = 0.0001; Table 2 ). Hens receiving 6% corn oil in their diets at 24 and 26 wk of age consumed significantly less feed during the experiment than hens receiving the control diet or hens receiving 6% corn oil in their diets at 30, 32, and 34 wk of age. Hens in the cool house consumed more feed (95.7 vs. 88.0 g) than hens in the warm house.
Energy Consumption
Significant differences in energy consumption (EC; kcal/d) were found among the different
CONCLUSIONS AND APPLICATIONS
1. Egg weights were increased 2 wk after corn oil was added to the diet with hens kept in a cool or warm house. 2. Adding corn oil to the diet significantly increased EW for the entire experiment in the cool and warm houses, at biweekly intervals from 24 to 34 wk of age regardless of age when corn oil was added to the diet. The interaction of house × diet was not significant. treatments (P = 0.0001; Table 2 ). Hens fed diets with corn oil added at any age consumed significantly more energy than hens receiving the control diet. Also, hens receiving 6% corn oil in their diet at 26, 30, 32, and 34 wk of age consumed significantly more energy when compared to hens receiving 6% corn oil in the diet at 24 and 26 wk of age. Hens in the cool house consumed more energy (291.2 vs. 270.6 kcal/d) than hens in the warm house.
Energy Per Gram of Egg Mass
Significant differences in energy used to produce 1 g of egg mass were found among the different treatments (P = 0.0001; Table 2 ). Hens receiving 6% corn oil in the diet at 30 and 34 wk of age used significantly more energy to produce 1 g of egg mass than did hens receiving the same diet at 24, 26, and 28 wk of age or hens receiving the control diet. Also, hens receiving 6% corn oil in the diets at 24 and 28 wk of age used significantly more energy to produce 1 g of egg mass when compared to hens receiving the control diet. There were no significant differences in energy used to produce 1 g of egg mass for hens receiving 6% corn oil in the diet at 24, 26, or 28 wk of age. Hens in the cool house consumed more energy per gram of EM (5.30 vs. 5.13 kcal/g EM) than hens in the warm house.
Body Weight
Significant differences in body weight change were found among the different treatments (P = 0.0003; Table 2 ). Hens receiving the diet with 6% corn oil gained significantly more weight than hens receiving the control diet, except for the hens receiving the diet with corn oil added at 24 wk of age. Hens in the warm house gained significantly more weight (155 vs. 100 g) than hens in the cool house. This result was unexpected, and we have no explanation.
